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Introduction
Biomass is defined as organic, non-fossil material of biological origin that can be used as fuel to produce heat or generate electricity. The main solid fuel used in biomass is forest biomass (firewood) in the form of logs, wood chips, briquettes, pellets and waste from forestry in the form of undersized wood. It is therefore important to control metals, in particular heavy metals, which emerge in the combustion process along with the dust, and offend up in fly ash.
Chemometric assessment is very often used to optimise technological processes or chemical analyses [1] [2] [3] . It may also be used for environmental surveys aimed at discovering relationships between individual chemicals [4] [5] [6] [7] in the scope of this study and to form a picture of contamination emissions in biomass processing. This study aims to define methods for associating heavy metal occurrence in different parts of the Silesian Voivodeship. A survey with a few chemometric and statistical techniques has been performed. These techniques include similarity analysis, k-means, and correlative analysis. By using these techniques, it is possible to find the following relationships: metal-matrix A -B matrix or matrixmetal A -metal B. This survey determined the Zn, Cd, Ni, Mn, Cu, Pb, and Fe contents in various Scots Pine components, including the needles, branches, cones, and forest bed. The analysis was carried out using flame atomic absorption spectroscopy (F-AAS).
Several examples of chemometrics methods application in environmental protection can be found in literature [8, 9] . Most chemometric methods are used to analyse data on water pollution [10] [11] [12] or air pollution [13, 14] . Research related to the accumulation of metals in plant material is more difficult to carry out, because it is more time-consuming (no on-line monitoring in the case of water and air), which results in less interest in such studies [15, 16] . This translates into the use of chemometrics methods, which according to the description of some dependencies require a substantial set of data.
The aim of this study was to find and describe the relationship between the types of the sample matrix, the analysed metals and the place of sampling. It was found Central European Journal of Chemistry * E-mail: msajdak@ichpw.zabrze.pl 1 Institute for Chemical Processing of Coal, Poland that principal component analysis (PCA) and cluster analysis (CA), which were used during testing, are very effective techniques to find relationships between the variables mentioned earlier. The article presents the results of the relationship between copper and nickel content in the forest bed (R 2 = 0.881), between zinc and cadmium content in the city of Sosnowiec and the town of Dabrowa Górnicza studied in branches and the forest bed (R 2 = 0.992) as well as among samples of cones (R 2 = 0.988 ). In each of the ten sampling sites, the material was collected from eight stations chosen in accordance with the plan presented in Fig. 1 . The plan was built on the plane of a square with sides of 400×400 m with a second smaller square with dimensions of 212×212 m (150√2) typed and rotated in the first quadrant. The material collected this way was split into smaller parts and then homogenized in order to obtain analytical samples. The above mentioned method was used at every collection site.
. Experimental procedure
The material was air dried, powdered in a titanium blade grinder and again dried at 110°C. At this stage, the samples were mineralised by "dry ashing" in a muffle furnace at a temperature of 350°C. The ash obtained was moved to a beaker and dissolved in a 10% HNO 3 solution. After the respective sample condensation increase, the mineralisation product was moved to a 10 mL graduated flask. The metals were diluted 10 times in solutions and then marked.
All of the plant materials were assessed for the presence of Zn, Cd, Ni, Mn, Cu, Pb, and Fe with flame atomic absorption spectroscopy. A Carl Zeiss Jena AAS 3 spectrometer was used to survey the materials. The values for recovery of materials were compared between the reference and the model material. Conditions of AAS analysis are presented in Table 1 .
LOD -limit of detection of the measuring instrument used for each of the patterns, calculated using the following formula: Where: Sb-standard deviation of residuals of the calibration curve, a-gradient of the line.
Results and discussion
The mineralised samples contained concentration ranges of 6500-51500 µg kg -1 for zinc, 100-5500 µg kg -1 for lead, 3500-97200 µg kg -1 for copper, 400-7500 µg kg -1 for nickel, 1000-71500 µg kg -1 for manganese, 10-300 µg kg -1 for cadmium, and 1000-75200 µg kg -1 for iron. Table 2 shows the total content of the examined elements in the pine samples from the different locations. Those samples were pre-processed by the dry method, so the results obtained for the dry mass consider the recovery in terms of the survey procedure. Each sample was analysed eight times, and the results are shown as the mean of those eight parallel runs. After the preliminary processing (mineralisation) of the samples by the dry method, the individual analyte contents were not equal ( Table 2) .
The confidence interval was calculated using the following formula: (2) where x -the arithmetic average of the measurements; σ -standard deviation, calculated using the following formula:
(3) n -number of measurements; x -single measurement result
The results show a wide range of metal contents depending on the pine component assessed and the sampling location. Overall, 71.5% of the cones examined have the lowest metal content (regardless of sampling location). The nickel content was higher in the cones than any other component. The lead content in the cones was 98% convergent with that in branches not older than three years. As hypothesised, in 86% of all cases, the highest contents of the elements examined were found in the forest bed. The results were used for further analysis of the relationships between qualitative and quantitative concentrations of the assessed materials by use of chemometric techniques such as CA, k-means and PCA. Fig. 2 shows a dendrogram of the concentrations for the examined mineralised samples of various pine components. This dendogram applies to the analysed metals (variables) in relation to the sample types. Four distinctly separate groups, divided into smaller subgroups, have been obtained. The first group consists of two subgroups, the first of which has a high linear correlation among the cadmium contents in the samples (ranging from 30-1300 µg kg -1 ). Because of the high similarity between the samples, by knowing the cadmium content in the cones (Cd C), the cadmium content in the needles (Cd N) can be estimated with 99.2% certainty. Similarly, the cadmium content in the forest bed (Cd F) and in the branches (Cd B) can be estimated with 96% and 97% certainty, respectively.
The second group consists of needle (N) and cone (C) samples in which nickel, lead and iron were assessed. In this group, Pb C and Pb N had similar lead values, and their convergent contents were between 1600 and 3500 µg kg -1 per sample. Moreover, the first subgroup has a very high similarity between its components (83-86%) and shows that the lead content in the cones and needles is related to the iron content in the needles. An increase in lead concentration (Pb C,N) correlates positively with iron (Fe N) in the material in terms of the formula below and Fig. 3 . 
In the third group, two smaller groups have been identified. The first consists of the pine branch samples. This group is characteristic of convergent nickel, lead and iron contents ranging from 1100 to 2900 µg kg -1 . It also has a high correlation coefficient between iron (Fe B) and zinc (Zn B). The high correlation allows us to assess the zinc content with 82% confidence if the iron content is known. In this group, Zn B correlates well with Ni F (R 2 = 0.808) and Fe B (R 2 = 0.810). Correlations between Zn B and Ni F are presented in Fig. 4 .
The second subgroup of this group consists of the forest bed samples. It is characterised by its positive correlation between nickel and copper. An increase in the copper content corresponds to a higher nickel concentration in the examined material. This value can be calculated to 88% accuracy with the following formula:
In the fourth group, the first subgroup is a nonspecific one, and the second subgroup has convergent contents of zinc and copper in the needles and cones. Both means have zinc and copper contents ranging from Chemometric analysis of heavy metal content for various environmental matrices in terms of their use in biomass thermal processing 12000-19500 µg kg -1 and a linear correlation between Cu(C) and Cu(N) of 87%.
The locations have been separated into two groups based on the size of the cities and their local economy (Fig. 5) . The first group consists of cities located in low industrialization areas, including Szczekociny (30), Żarnowiec (31), Sławniów (32), Podlesice (36), and Solca (37). The second group consists of cities located in high industrialization areas, including Sławków (38), Dąbrowa Górnicza (40), Jaworzno (45), and Sosnowiec (46). The numbers in parentheses represent the code of the sampling point.
To facilitate easy assessment of the metal groups found in the given locations, the k-means concentration assessment method was used. Three groups describing the lowest, middle and highest metal concentration have been determined. Fig. 6 shows the results of the analysis. The first concentration demonstrates the average Cu and Zn contents, which are the elements most frequently found in the research territory; the second one demonstrates the concentrations of Mn and Fe, and the third one demonstrates the concentrations of Pb, Ni and Cd in which metals are present in the smallest quantities and with a small variability.
For the purpose of verification of this assumption, the k-means grouping method was used. The method helped to establish the k-groups with the largest extent of diversification. The x-axis of Fig. 7 represents the metals examined, and the y-axis represents their content in the respective sampling locations.
The agglomerations (clusters) have therefore been divided into three groups:
1. Sosnowiec, Żarnowiec, Sławniów, and Podlesice, 2. Szczekociny, Solca, and Dąbrowa Górnicza, 3. Jaworzno and Sławków. Sosnowiec was placed in the first group, together with cities from less urbanised and industrialised areas because the average zinc, manganese and cadmium concentrations from that location were similar to the contents of those elements found in less industrialised regions. The same reasoning was used when classifying Dąbrowa Górnicza in the second group. Fig. 7 presents a characteristic diagram, with respect to the division of Chemometric analysis of heavy metal content for various environmental matrices in terms of their use in biomass thermal processing the groups, between the sampling locations and their metal concentration values. During the classification of cities some simplifications were applied. For instance, a city situated in a region with high concentrations of metal was considered to be in an industrialized area. As shown in Figs. 6 and 7, the analysis of k-means classified both Sosnowiec and Dabrowa Gornicza as cities belonging to non-industrialized areas, which can be easily explained by natural self-cleaning processes in that area following environmentally friend improvements in local industrial infrastructure (for example, the installation of dust filters on coal plant chimneys). 
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To completely determine the relationship between the sampling locations, the types of samples taken, and their element contents, a concentration analysis was performed with a set of 2268 data points. This analysis led to the dendrogram presented in Fig. 8 .
Concentrations and correlations analysis together enabled the determination of the relationships between the respective sampling locations. The dendrogram in Fig. 8 shows seven groups divided into smaller subgroups. The first and fifth groups present nickel and copper in the Scots Pine samples.
The first group is divided into two subgroups that can be split further into two smaller groups. The first subgroup represents nickel in urbanised (1a) and less urbanised areas (1b). The second subgroup represents copper and is split into further subgroups (1c, 1d), describing urbanised and less urbanised areas, respectively. In the first group, the most correlated (most similar) sampling areas based on the nickel content are the following: (6) In practice, knowing the nickel content in the cones from the Sosnowiec region (46), we can assess with 99% accuracy the nickel content in the pine needles from Dąbrowa Górnicza (40).
The fifth group, also representing nickel and copper, is a specific group describing Ni and Cu in two exclusive sampling areas regardless of the sample type (Żarnowiec (31) and Sławniów (32)). The correlation coefficients representing linear relations between the respective copper and nickel contents in this area were 0.980-0.999 and 0.966-0.999, respectively.
The second and sixth groups determine the cadmium and zinc concentration in the research territory. Group two is divided into smaller subgroups describing mainly Zn and Cd in the industrialised territories. The most correlated points in this group, in terms of the contents of these metals, are as follows: (7) ( 8) Group six is a specific group determining cadmium and zinc values for the respective sampling areas (6a 31,32 , 6b 37 , 6d 30 ). For subgroup (6c), the zinc content is correlated in only the cones. When the correlation coefficients with relative functions were used, metal content assessments with high accuracy were achieved (85-90% in the different sampling locations).
Group four describes zinc and lead content in the research territory. Unlike previous groups, no strict groups defining sampling location, territory character or material type were found.
The third and seventh groups define iron and manganese content in the analysed material. Group three is a specific group defining Fe and Mn (regardless of the type of sample) in two survey locations: Żarnowiec (31) and Szczekociny (32). This creates a situation equivalent to group five.
Group seven is divided in two subgroups and split further into two smaller groups. The first and fourth subgroups refer to iron and manganese in the urbanised territories (7a, 7d), and the second and third subgroups define the iron and manganese content at the less urbanised territories. The linear correlation coefficients in this group are between 84-97%.
The data show that 71.5% of the cones examined had the lowest metal contents of any of the Scots Pine components (regardless of the sampling location). For lead and nickel, however, different relationships were observed. The nickel content in the cones was higher Chemometric analysis of heavy metal content for various environmental matrices in terms of their use in biomass thermal processing than in all of the other media. The lead in the cones was 98% convergent with the lead in the branches not older than three years. As hypothesised, in 86% of all of the cases, the forest bed had the highest concentration of all of the metals. The concentration of toxic metals such as cadmium and lead never exceeded acceptable concentrations (according to the recommendations of the Ministry for the Environment of Poland). The highest lead content was 6340 µg kg -1 per sample and was obtained in Jaworzno. The lowest lead content was 190 µg kg -1 and was found in Sławniów (38). The cadmium contents from all locations were similar and were between 130 and 300 µg kg -1 in Szczękocin (30) and Jaworzno (45), respectively.
The urbanised areas often yielded 90% higher metal content than the samples in non-urbanised areas. This relationship is best observed for metals such as copper and manganese from grouped locations. For copper, the average content in the non-urbanised areas was 9970 µg kg -1 , and 38690 µg kg -1 in the urbanised areas. The average content of manganese was found to be 8710 µg kg -1 in the samples from the non-urbanised territories and 19900 µg kg -1 from the urbanised territories. Average zinc, lead and nickel contents did not show any significant differences between the urbanised and non-urbanised areas and maintained similar levels in all of the sampling locations.
Conclusion
We performed an analysis of metal concentrations in various types of environmental matrices showing the existence of significant relationships between sampling sites of different materials. Thus it was possible to deduce the equations describing these relationships. Using correlation analysis, similar relationships have been derived for the various metals existing in various types of samples. Application of the equations derived above in the control tests allows a reduction in the amount of samples and the number of required analyses, and reduces the cost of research. An additional element is the protection of the environment because it reduces the amount of reagents used in the preparation of samples and their analysis by up to 30%. The correlation analysis and cluster analysis showed a very strong relationship between the following groups of metals:
{Ni, Cu}, {Zn, Cd, Pb}, {Mn, Fe} in relation to the sampling sites, which can be used with the correlation analysis to compare areas with different degrees of urbanization. It can be concluded that the arrangement of these metals is not accidental or due to their similar ionic radii: {Mn = 83×10 3 nm; Fe = 78×10 3 nm} {Cu = 73×10 3 nm; Ni = 69×10 3 nm}. Therefore, their characteristics and their coexistence suggests that other groups of transition metals can bioaccumulate on a similar level. Zn, Cd, and Pb were put into one group mainly due to their low content in the investigated area.
Chemometric analysis is an excellent tool for environmental research and the search for correlations between different metals, as presented in this paper. This analysis also enables a simple visualization of measurement data, which makes it easier to draw conclusions.
With the knowledge of the elemental composition present in this plant material, chemometric methods can be used in the future to estimate the amount of metals emitted during incineration and co-incineration energy generation, and compare these to conventional electricity production.
